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Abstract
Diabetic wound takes longer time to heal due to micro and macro-vascular 
ailment. This longer healing time can lead to infections and other health complic-
ations. Foot ulcers are one of the most common diabetic wounds. These are one of 
the leading cause of amputations. Medical science is continuously striving for 
improving quality of human life. A recent trend of amalgamation of knowledge, 
efforts and technological advancement of medical science experts and artificial 
intelligence researchers, has made tremendous success in diagnosis, prognosis 
and treatment of a variety of diseases. Diabetic wounds are no exception, as 
artificial intelligence experts are putting their research efforts to apply latest 
technological advancements in the field to help medical care personnel to deal 
with diabetic wounds in more effective manner. The presented study reviews the 
diagnostic and treatment research under the umbrella of Artificial Intelligence 
and computational science, for diabetic wound healing. Framework for diabetic 
wound assessment using artificial intelligence is presented. Moreover, this review 
is focused on existing and potential contribution of artificial intelligence to 
improve medical services for diabetic wound patients. The article also discusses 
the future directions for the betterment of the field that can lead to facilitate both, 
clinician and patients.

Key Words: Diabetic wounds; Artificial intelligence; Foot ulcer; Amputation; Diagnosis; 
Machine learning
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Core Tip: This mini-review covers the contributions of Artificial Intelligence (AI) in the field of diabetic 
wound assessment, treatment and healing. It discusses the AI based framework for the diagnosis of 
Diabetic wounds. It also highlights the limitations and future endeavors of the said field in collaboration 
with technological advancements. This review can give the clinicians the idea of scientific innovations in 
their field and can facilitate the adoption of the technology as well. This also pathways for the collab-
orative research opportunities for clinicians and AI experts.

Citation: Tehsin S, Kausar S, Jameel A. Diabetic wounds and artificial intelligence: A mini-review. World J Clin 
Cases 2023; 11(1): 84-91
URL: https://www.wjgnet.com/2307-8960/full/v11/i1/84.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i1.84

INTRODUCTION
Lessened wound healing is a crucial diabetic impediment coupled with enhanced illness. It is the result 
of micro and macrovascular ailment. Diabetic neuropathy results in loss of protective sensation (LOPS). 
LOPS triggers overdue recovery in diabetic foot sores[1,2]. Patients suffering with diabetes mellitus 
have a lifetime threat of 15% to 25% of diabetic foot ulcers (DFUs) occurrence. Diabetic wound healing is 
a time-consuming crucial health issue that is imposing a serious burden on health care system. 
Moreover, Diabetic wounds have a considerable affect on disability, diseased state, and mortality[3,4]. 
Diabetes is the foremost source of atraumatic lower limb amputations in the USA, and nearly 14%-24% 
of diabetic patients with limb ulcer results in amputation. Whereas 90% of the total amputations are 
caused by diabetic wounds[5].

Technology has evolved swiftly in last few decades casing astronomy to entertainment fields[6-8]. 
But, health sector gained special attention in this technological transformation. Technology in general, 
and Artificial Intelligence (AI) in particular have improved the health sector. Artificial intelligence has 
extensively improved the diagnostics and prognostic assessments[9-12]. Few highlights are skin lesions
[13-15], pathological analysis[16,17], radiograph analysis[18,19], cancer stage assessments etc.[20-22].

This article analyzes potential role of AI in diabetic wound care, treatment, diagnosis and prognosis.

ROLE OF AI IN HEALTHCARE
The medical field is very swiftly relying on the computer technologies. There are few major milestones 
of technology that helped medical science a lot. Hospital computing feasibility study was carried out by 
the Baylor University Medical Center between 1958-1959 and the term hospital information system is first 
used in this study. This feasibility study lead towards many healthcare information systems in 60’s and 
70’s era. Lockheed Eclipsys, Health Evaluation through Logical Processing, and Regenstrief Medical 
Record System are few examples.

AI started its contribution in 1970’s by providing systems for biomedical problems[23-27]. Machine 
learning and knowledge based expert system were extensively used in the diagnosis, assessment, 
monitoring and treatment of different diseases[28-30]. Between 1970 and 2012, a lot of research is done 
on these two fields for medical science, particularly in diagnosis of diseases.

2012 is the start of era of deep learning that is acting as a revolution to AI and its applications. 
Machine Learning is a subset of AI and deep learning is a subset of machine learning. Machine learning 
learns patterns and general trends from the example data. It tries to mimic the results of example data to 
the query data. Machine learning is very much reliant on the domain knowledge, features sets and 
defined properties of the problem. Deep learning on the other hand is less dependent on the 
specification of domain knowledge and more dependent upon the amount of data provided. Deep 
learning is actually millions of artificial neurons connected together, hence capable of work like human 
brains. Although, in most of the problem domains it is not replacing the human experts, but surely is 
assisting.

Computer technology has been used vastly in the prevention, diagnosis and cure of diabetic wounds. 
AI techniques, computer vision and digital image analysis methodologies, machine learning and deep 
learning are key players in the recent technological advancement in healthcare. But the progression is 
strongly linked to the deep neural networks. These networks play a revolutionary part in medical field. 
Neural networks are based on the idea of mimicking the human neurons in the brain. Thousands of 
artificial neurons, connected in different patterns, are capable of achieving human-level task 
accomplishment. Although such networks require high computation machines and plenty of data to 
achieve good results.

https://www.wjgnet.com/2307-8960/full/v11/i1/84.htm
https://dx.doi.org/10.12998/wjcc.v11.i1.84
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The amount of digital medical data in 1950 doubled in fifty years. By 2010 the time to double the data 
reduced to three and half years. But in 2020, it requires only 73 d to double the medical data[31]. This 
rapid increase in medical data availability is facilitating AI experts to employ more sophisticated data 
hungry AI techniques for improving healthcare facilities[32].

Rest of the article discusses the role of AI in the diagnosis, prognosis and treatment of diabetic 
wounds.

CLINICAL CHARACTERISTICS OF DIABETIC WOUND PROGRESSION
Characteristically, there are three stages to a diabetic ulcer. The very first stage is callus-forming. 
Neuropathy is the cause of callus. The sensory neuropathy results in sensory loss, leads to continuing 
trauma, as a consequence motor neuropathy substantially deforms the foot. Another contributory 
characteristic is autonomic neuropathy, which causes dehydration of the skin. Ultimately, continual 
pressure to the callus produces subcutaneous bleeding, and gradually, it grows to an ulcer.

The medical assessment must consists of investigating the peripheral pulses of the feet, analyzing 
structural variances, the existence of callus, indications of vascular inadequacy, This may be indicative 
of hair loss, muscle atrophy, and position of the ulcer. Also evaluate the existence of purulence, shells, 
and indication of neuropathy by assessing with a monofilament[33].

AI AND DIABETIC WOUND DIAGNOSIS
Diabetic wound detection is laborious job and requires special skills and knowledge. However these 
expertise are not available in all regions of globe. Computer aided systems and tele-medicine can 
improve the health facilities in such remote areas.

For the diagnosis and assessment of diabetic wounds, AI based solutions are giving very encouraging 
results[34-38]. Early detection of such diabetic problems can lessen the treatment time. Moreover, it can 
also reduce the chances of imputation and morbidity. Lack of medical expertise and other resource 
constraints may lead to delayed diagnosis of diabetic ulcers. Computer Aided Diagnosis (CAD) are 
mostly using infrared thermography for the detection of ulcers in diabetic patients. It shows the 
temperature distribution of plantar foot. The connotation of thermographs and patient wound condition 
is quite complex. These patterns can be studied and analyzed using data mining, machine learning and 
deep learning mechanisms. It can reduce the clinician’s burden and assist in analysis of the 
thermograph. Moreover, the human analysis can be subjective based on the experience, knowledge, 
fatigue etc. We can achieve the objective diagnostics through mathematical modeling of the underlying 
patterns. CAD systems are very efficient and proven effective in detecting ulcer-prone regions.

A general artificial intelligence based framework for diagnosis is shown in Figure 1.

AI AND DIABETIC WOUND PROGONOSIS
One of the significant potential contributions of artificial intelligence for serving the diabetic wound 
patients can be predictive assessment of risks related to foot ulcer and other diabetic wounds. This can 
be accomplished by AI supported automated/semi-automated wound screening methods. AI can also 
be beneficial in preventive and protective monitoring of wounds to facilitate timely intervention. Risk 
assessment and risk analysis can also be supported by artificially intelligent methods. Deep learning can 
be utilized to analyze the correlation and probability of different known and unknown risk factors. This 
particular area needs more focused attention of AI researchers who needs to jointly work with medical 
experts. One very good initiative in this direction has been taken by NHS Scotland, who is currently 
working on risk stratification by employing machine learning techniques.

In one of the earlier studies, Singh et al[39] used an artificial neural network to analyze patients with 
type 2 diabetes mellitus (T2DM) in order to determine the risk for developing a DFU, in relation to five 
single nucleotide polymorphisms (SNPs) in the TLR4 gene (namely, Asp299Gly, Thr399Ile, rs11536858, 
rs1927911, and rs1927914). A total of 255 T2DM patients were enrolled in the study, including 130 
patients without DFU and 125 patients who already had DFU. Five input nodes, ten hidden layer nodes, 
and one output node that represented the risk of DFU made up the final ANN architecture. With the 
five SNPs as inputs, the ANN model was able to accurately predict the presence or absence of DFU in 
83% of the validation set (25%) of the dataset. According to the study's findings, some of the invest-
igated SNPs' haplotypes may contribute to the development and progression of DFU, whereas other 
haplotypes appear to be protective against the disease.

Ferreira et al[40] uses an unsupervised learning methodology to classify the prognosis stage before 
visual signs. It works on the data collected by questionnaire asking questions about health conditions, 
foot care routine, numbness, loss of sensation, and tingling etc. The study involves 73 subjects and 
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Figure 1  Artificial intelligence framework for diagnosis of diabetic wounds.
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achieves sensitivity of 71%, specificity of 100%, and accuracy of 90%.
The research conducted in 2021 by Khandakar et al[41] was relatively similar to that conducted a year 

earlier by Cruz-Vega et al[42] because both investigations used thermograms to identify diabetic foot 
anomalies early on (and perhaps determine the risk of DFU). In Khandakar's study, machine learning 
algorithms were trained using data from 122 diabetic patients and 45 healthy controls, including each 
subject's gender, age, weight, height, and thermograms of a foot pair. The only goal of this study was to 
identify diabetes and control participants (i.e., two-class classifier). While deep CNN methods were used 
to process the entire images.

Arteaga-Marrero et al[43] employed U-net based deep learning approach for the segmentation of foot 
sole. It can be helpful for the thermographic technique for foot care protocols. Studies of Muralidhara et 
al[44] and Khandakar et al[41] performs two levels of multi-class classification. The categorizations 
includes five classes of diabetic thermograms and six classes of non-diabetic thermograms.

AI AND DIABETIC WOUND TREATMENT
Artificial intelligence has diverse technologies that poses potential to be utilized for diabetic wound 
treatment as well. This area is still required to be explored by AI community. AI based technologies can 
be utilized to prescribe individualized treatment plan. As diabetic wounds comes in variety of 
condition, severity, covariates and correlated factors. This makes it challenging to plan accurate and 
individualized treatment. This particular dimension requires an active collaboration of AI and medical 
experts.

Another important factor that is addressed by computer scientist is, appropriate shoe making for 
diabetic patients. Diabetic foot ulcers are very sensitive to touch and sensations. Normal foot wears can 
not be used for such patients. It can worsen the condition and pain. Computer assisted shoe molds have 
been developed for such patients[45-47]. While doing daily routine activities, the diabetic foot 
undergoes from plantar weight spread. This can be injurious and can lead to serious consequences. The 
human foot design, shape and structure vary a lot. Customized shoe insoles are very much required in 
this scenario. Such insoles can be customized by AI based computer systems.

CONCLUSION
AI based computer systems are very helpful in the diagnosis and detection of diabetic wounds. But 
most of the work is tested on the limited data. There is a need of close collaboration between computer 
researchers and medical experts for deployment of such systems. Majority of the recent algorithms 
require a lot of data. Medical data is difficult to acquire due to legal and privacy issues. Moreover, 
annotation of the data is a big hassle. Annotating millions of instances of data is very laborious job. It 
requires time, resources and coordination of both the communities. Modern AI is moving towards the 
data-centric approaches. Clean and reliable data is the biggest requirement of the modern AI based 
systems.

Though AI experts have recently contributed to the domain of diabetic wounds. But as literature is 
evident that majority of the AI research is focused on detection and classification of diabetic foot 
wounds by employing computer vision technologies. Diagnosis is not the only dimension, in which AI 
community can contribute.

The standard and quality of life and of patients suffering with DFU might be greatly improved by 
prevention of amputation. DFU treatment is a large-scale problem of health care which results in a high 
mortality rate. Techniques for early prevention could help save a diabetic patient’s life and prevent 
disease. DFU analysis and recognition using image-based algorithms of machine learning is an 
emerging area of research. Amputation risk prediction and individualized study of the risk factors for 
amputation in patients with DFU could lead to early treatment methods, improve healing rates, lower 
the number of amputations, and lower treatment costs.

None of the DFU categorization systems has been acknowledged as the gold standard, despite the 
fact that they can all predict amputation. The majority of these systems rely more on clinical experience 
than on objective statistical techniques. These systems are insensitive and non-specific since they do not 
fully evaluate the impact of demographic data, clinical or laboratory data, medical history, foot 
problems, or other risk factors on the amputation rate.

There are other potential areas, which have potential to get exploited by AI techniques and currently 
few to none has been contributed in this direction. These potential areas are prognosis, risk factor 
analysis, risk stratification, prediction, intelligent intervention and medicine, intelligent treatment and 
monitoring devices.
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